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Precision Feedlot Surface
Management Using EMI

i,{;.;__.jjheoretical Basis for using EMI

Manure (salts) can be from 10 to 100 times
more conductive than typical soil
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EI\/II used to address four questlons
What kind of emissions (GHG, Odor, PM)?
How much emissions (i.e. flux rates) ?
Where are the emissions coming from
(i.e. spatial distribution)?

What can we do about |t (management)’?
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Develop Method using EMI for
Managing the Feedlot Surface

Specific research objectives were:

— 1. Assess the accuracy of a RSSD, with a stratified random sampling (SRS)
——— procedure for calibrating EMI/soil property regression equations.

2. Test the ability of a regression model estimated using a RSSD for evaluating
spatial manure accumulation.

3. Evaluate feedlot surface data for any spatial manure accumulation
structure.

4, Establish a methodology for measuring spatially variable chemical/physical
constituents associated with manure accumulation on feedlot pen surfaces
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Two Sampling Designs

EC. Data with 1. Stratlfl_ed Random Samp|e Locations
a _ Sampling (SRS)
GPS Coordinates 2. Response Surface co-located w/EMI
Sampling Design Cokriging reduces to MLR
(RSSD)

Stratified Random Sampling Response Surface Sampling
(20 sites) | Design (20 sites)
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Response Surface Sampling Design

Stratified Random Sampling Design
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ocating Sample Points Using GPS

____i._ Co- Iocatlng ellmlnates spatial uncertamty
dsagsiis Between EC vaIue and soil sample
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Soil property correlation matrix (n = 40)
In(ClI) TN TP

VS

In(Cl)
TN
TP
VS

In(ClI) TN TP

VS

w=

B Soil property / EMI cross-correlation estimates (n = 40)
&
-

EMI
In(EMI)




o= Sampling Plan Sample Design Optimality Score
=
= Dopt Vopt Gmax

Response Surface Sampling Design
(RSSD)

Stratified Random Sampling (SRS)




o= Sampling Plan Sample Design Optimality Score
=
= Dopt Vopt Gmax

Response Surface Sampling Design
(RSSD)

Stratified Random Sampling (SRS)




o= Sampling Plan Sample Design Optimality Score
=
= Dopt Vopt Gmax

Response Surface Sampling Design
(RSSD)

Stratified Random Sampling (SRS)




Objective 2: RSSD Ability to Predict
SRS Values

Quadratic regression model summary statistics and
parameter estimates for each sampling design.

1.389 (3.17) 1.650 (1.20) -0.084 (0.11)

0937 0086  1.796(4.91) 1,501 (1.84) -0.068 (0.17)
0928 184 -246.7 (55.5) 88.0 (21.0) 20y
0884 181  -276.0(100.2) 97.9 (37.6) e ==

— 0948 0472 -83.0 (14.3) 29.8 (5.39) -2.50 (0.50)
A 0920 0471 -87.9 (26.1) 31.1 (9.81) -2.58 (0.92) \
e 0946 372  -528.2(112.4) 186.9 (42.5) -15.3 (3.97) ﬁ

— 0852 440 -5006(2438)  1730(oL) 3.7 (8. 56)
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Objective 2: RSSD Ability to Predict
SRS Values (cont.)

RSSD samples were calibration data, SRS
samples were independent validation sites.

In(Cl) 1.98 (0.136) 0.86 (0.630) 2.14 (0.047)
R
TN 0.36 (0.785) 0.87 (0.618) -0.49 (0.628) ==
' TP 0.97 (0.420) 0.99 (0.516) -0.72 (0.484)
AT — VS 0.50 (0.682) 1.28 (0.307) -0.48 (0.640)
p—1 i | +— | | |
|-+ Composite F-test demonstrates parameter estimates for

both sampling designs are equivalent.
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Response surface sampling design (RSSD) samples used as
calibration data, stratified random sampling (SRS) samples
used as independent validation sites.

g Composite F-test  Joint Prd F-test  Mean Prd t-test
y Variable F score (P>F) F score (P>F) t score (P>F)
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Response surface sampling design (RSSD) samples used as
calibration data, stratified random sampling (SRS) samples
used as independent validation sites.

‘ Composite F-test  Joint Prd F-test  Mean Prd t-test
y Variable F score (P>F) F score (P>F) t score (P>F)
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Conclusions

Three different validation tests were used to assess the
accuracy and reliability of the RSSD fitted model.

. RSSD was found to be as good or better than SRS.

The excellent correlations between the PRP EMI signal data
and the In(Cl), TN, TP and VS soil properties.

. Each of the four models was capable of explaining more than 90%
of the sample variations.

T . EMI data can be effectively used to map spatially variable manure
constituents in feedlot pens.

3. Prediction maps show pen design effect on manure
accumulation

4, This technique allow the development of precision
management practices to mitigate environmental
contamination environment.



; Volatile Solids vs ECa
‘ Feedyards in TX and NE




Spatial Feedlot Manure Accumulation

ECa Data with Sample Locations
GPS Coordinates co-located w/EMI

Soil Core
VS, TN, TP, ClI,
== CO2, N20, CH4,

VEA, Aromatics Calculate Models

Summary Statistics
Prediction Equations
Prediction Maps

ECa Data



Using EMI to Measure Treatment
Differences (Corn vs. WDGS
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*Each Jar represents a RSSD sampling site
*Twelve sites per pen, four pens per treatment
sIncubated at room temp. to measure VFA
production following a rain event
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Percent Feedlot Surface Area
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Straight-Chained VFA

a
a

<55 >55

Straight-Chained VFA Concentration (mmol kg

I Corn Diet
[ WDGS Diet

_1)

Branched-Chained VFA
70.5

<7 >7

Branched-Chained VFA Concentration (mmol kg

I Corn Diet
[ WDGS Diet
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Less than 30% of the area is high conductivity
300 T High Conductivity = Manure Accumulation?

Relative Area

4489810 4489820 4489830 4489840 4489850 4489860 4489870 4489880 4489890

570340 570350 570360
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Percent surface area above or below a selected threshold level
for each pen. Note mean values follow by different letter were
significantly different by diet at the p < 0.1 level.

Pen Diet Acetate Straight-chain Branched-chain Total Solids
VFA VFA VFA
<65 >65 <55 >55 <7.0 >7.0 <130 >130 <30 >30
mmol mmol mmol mmol mmol mmol mmol mmol
kgt kgt kgt kgt kgt OR kgt kgt % %
217 Corn 16.4 83.6 22.1 77.9 80.0 20.0 21.2 78.8 12.9 87.1
218 Corn 60.4 39.6 55.5 44.5 73.5 26.5 64.9 35.1 72.4 27.6
— 223 Corn 21.9 78.1 29.2 70.8 52.7 47.3 26.9 73.1 14.4 85.6
224 Corn 54.5 45.6 63.6 36.4 76 24 60.9 39.1 41.8 58.2
Average 38.3a 61.7a 42 .6a 57.4a 70.6a 29.4a 43.5a 56.5a 35.4a 64.6a

219 WDGS 66.6 33.4 79.0 21.0 57.8 42.2 75.6 24.4 53.1 46.9

220 WDGS 100 0 60.3 39.7 37.4 62.6 92.2 7.8 83.3 16.7

221 WDGS 43.4 56.6 75.7 24.3 41.3 58.7 59.2 40.8 59.9 40.1

222 WDGS 64.9 351 84.7 15.3 38.4 61.6 76.0 24.0 63.2 36.8
Average 68.7a 31.3a 74.9b 25.1b 43.7b 56.3b 75.8b 24.2b 64.9a 35.1a

P-value 0.191 0.191 0.040 0.040 0.015 0.015 0.081 0.081 0.135 0.135
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Ele'ctr(:)‘u Soil Cdc:11ty '
Meter, ECa

Conduct|V|ty Data
e
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The transmltter coil (TX) IS placed near the earth and is energized with an
aIternatmg current. The small currents induced into the earth generate a
secondary signal which is picked up by a receiver coil (RX) at a distance
N S away. The ratio of the two signals gives a measure of the soil’s

,/A onductlwty beneath the two coils.
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Feedlot Survey Bushland, TX

3896740

3896730

o
N
N~
(o]
(o]
Q
™

3896700 3896710

3896690

A
217370 217380 217390 217400 217410 217420 217430




2 days, 22 deg C, total Volatile Fatty 4 days, 22 deg C, total Volatile Fatty
Acids (mmole/Kg dry matter) Acids (mmole/Kg dry matter)
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